Assessment of student learning is an indispensable factor in determining whether students meet the desired standards of course content. This research focuses on researching the comparison of ABET learning outcomes in a lecture-based classroom course, which applies a traditional textbook, versus a mix of lecture-based and problem-based classroom course, which uses a textbook with more applicable case studies for the applied statistics course in Industrial engineering. The required data is gathered by faculty based on applied assessment tools such as project presentation and report, individual assignments, group assignments, in-class activities, and exams. This study was conducted across four semesters for the same course. The key findings from the study demonstrate that the integration of the applied case studies with a mix of lecture-based and problem-based teaching techniques improved the students' learning outcomes.
Introduction
It is broadly recognized that the applied statistics course is one of the most important quantitative subjects in the industrial engineering curriculum (Brown and Kass, 2009) . Over the last decade, there has been raising attention given to the teaching and learning aspects of statistics course (Garfield and Ben-Zvi, 2008; Dinov and Christu, 2009; Bilgin, 2011; Harpe et al., 2012; Judi and Sahari, 2013; GAISE Report, 2016) One of the essential components in the learning and teaching environment is an effective assessment that can promote learning as well as measure or certify outcomes (Garfield and Franklin, 2011; Clements and Cord 2013, Crisp et al. 2016) . Assessment can also direct the approach students take to their learning (what, when, and how much they study), and can influence what they learn. Assessment in higher education plays a vital role, both in immediate and longterm learning (Crisp et al. 2016) . Mentkowski et al. (2016) presented a comprehensive framework for an effective assessment and clarified elements of performance assessment such as determining clear learning outcomes and criteria for integrating subjects and abilities over time, designing learning objective by faculty, and providing accurate, diagnostic, and prescriptive feedback on performance.
While statistics education and specifically applied statistic course in industrial engineering has turned into a research area of increasing interest (Tishkovskaya and Lancaster, 2012; Patil et al. 2015) implementing effective assessments and achieving an appropriate balance between theory and application is a challenging task. In this research, by defining appropriate assessment tools such as applied research projects, group/ individual assignments, class activities, etc., two learning assessments by students and faculty are conducted. The results are analyzed to verify the effectiveness of applied assessment tools.
Research Methodology
In this research, the course of Applied Statistics for Industrial Engineering (IET 20500 undergraduate level, 3 credit course) was assessed at Purdue University-Fort Wayne. This study was conducted across four semesters (each semester had 16 weeks) for the same course: in the Fall of 2013 and Fall 2014 for a lecture-based classroom course that faculty applied a traditional textbook, for 58 students and in the Fall of 2015 and Fall of 2016 for a mix of lecturebased and problem-based classroom course that faculty used a textbook with more applicable case studies for 54 students. The ABET outcomes are considered in this research (see Table 1 ). Table 2 provides the criteria, learning outcomes, and assessment tools based on which students have been assessed. Various applied research projects were defined for this course and students worked on them as a team and at the end of the semester they presented their work.
Example of Students' research projects:
• Research on "Case study: A statistical quality control project" • Solving the bearing failure problem for a global market leader in electromagnetic clutch and brake technologies for demanding applications worldwide, located in Columbia City, IN"
• Research on "Apple Vs Google Stocks: A statistical analysis"
• Research on "Case studies: Lean Manufacturing"
• Finding a solution for a better control of storage and purchasing of dies for company in supplying magnet wire for manufacturers and located in Fort Wayne, IN.
• Doing a research project on identifying the cause of declined produced parts per labor hour for the assembly line of a vehicle group of a company located in Auburn, IN.
• Research on "Data analysis and Prediction of Tornado in State of Oklahoma, using Poisson Distribution"
• Research on "Customer data analysis and retention for a web-based Company"
Based on the students' performance in class activities, individual/ group assignments, research project and written report, and exams, faculty conducted a course learning assessment.
To evaluate the students' learning outcomes before and after changing the text book and teaching technique, the Kolmogorov-Smirnov normality test and paired-t test (as sample size is less than 100) were applied. The null hypothesis (Ho) states that there was no difference between the results of two different teaching approaches. The alternate hypothesis (H1) states that there was a significance difference between the two different teaching approaches.
Result and discussion
In this section, the result of the course learning assessments for the two different applied teaching techniques by faculty are presented. Then, the gathered data is tested for Normality check using Kolmogorov-Smirnov normality test. Then, the paired-t test is applied. These tests are conducted in MINITAB 17 software. Table 3 displays the result of the assessment by faculty based on individual assignment, group assignments, exams, project presentation, and the written report when two different teaching techniques including a) a mix of lecture-based and problem-based classroom course that faculty used a textbook with more applicable case studies (Fall 2015 and Fall 2016) ; b) a lecture-based classroom course that faculty applied a traditional textbook (Fall 2013 and Fall 2014) are applied. After collecting the results, as mentioned earlier, Kolmogorov-Smirnov normality test is applied to evaluate whether the difference of such a paired data set has normal distribution or not. Figure  1 shows the result of this section. Here, the null hypothesis (data has a normal distribution) is accepted. Thus, we can apply paired-t test to compare the applied two teaching techniques. This result is displayed in Table 4 .
As the P-value (0.000) is lower than α (0.05), then the null hypothesis is rejected in this research. A comparison of a lecture-based classroom course that faculty applied a traditional textbook (Fall 2013 and Fall 2014) versus a mix of lecture-based and problem-based classroom course that faculty used a textbook with more applicable case studies (Fall 2015 and Fall 2016) indicated statistically significant improvements in student's learning outcomes at the 95% confidence level. 
Conclusion
In this study, course learning assessments by faculty were examined for applied statistics course. The results validated that using an integrated teaching technique which focuses on applicable case studies, and a combination of lecture-based and problem-based methods versus traditional lecturebased classroom course enhances the student learning outcomes significantly. Some limitations of the study include the location and sample size in Fort Wayne, Indiana. A larger, more diverse sample would provide broader results. Further research would provide deeper insights into this area.
